ABSTRACT.--Males of the Old World quail genus Coturnix are unique among birds in possessing a well-developed proctodeal gland. The gland and associated cloacal musculature are sexually dimorphic, androgen dependent, and produce a foamy substance that is introduced into the female along with semen during copulation, suggesting that the foam plays some role in increasing male reproductive success. I experimentally tested three hypotheses about the function of this foam in Japanese Quail (Coturnix japonica): (1) foam functions in sperm competition, (2) foam reduces the female's receptivity to a second male, and (3) foam increases the probability of fertilization when a hard-shelled egg is present in the uterus 
The experiments reported here use a less invasive manipulation to test the above hypothesis and also test two additional hypotheses for the function of foam. One is that foam enables a male to reduce the ability of a second male to fertilize the female; that is, that it functions in sperm competition. Foam could function as a mechanical device analogous to the sperm plugs of some other vertebrates, or it could act chemically, for example, by enabling a male's sperm to remain motile longer than a competing male's sperm. The second hypothesis is that the foam reduces the female's receptivity (again decreasing the likelihood that a second male would be able to fertilize the eggs), but through a different mechanism, the female's behavior. Both of these hypotheses assume that females might mate with multiple males. Although little is known about the mating system of wild Japanese Quail, extrapair copulations have been observed in feral Japanese Quail in a seminatural environment (Nichols 1991), and field observations of the closely related Common Quail (Coturnix coturnix) suggest that situations in which females switch mates, or in which more than one male attempts to copulate with a female, occur rather frequently (Rodrigo-Rueda et al. 1997).
METHODS
Birds, mating trials, and fertilization measures.--The quail used in this study were hatched from eggs purchased from Truslow Farms, Chestertown, Maryland, and were housed individually after the age of four weeks (sexual maturity begins at ca. five to six weeks). All birds were at least eight weeks old and not more than eight months old during the experiments and were housed on a 16:8 light: dark cycle. A new set of birds was used for each experiment, and males were sexually experienced prior to use.
In this species, ejaculation and insemination occur with the first cloacal contact if the male is competent and the female is receptive. Immediately after ejaculation, the male dismounts and often fluffs his feathers and struts. The entire sequence lasts only a few seconds. If the male is less competent or the female is unreceptive, repeated chasing, mounting, and attempted cloacal contact occur, which sometimes but not always results in successful ejaculation and insemination. Foam is deposited in the female's proctodeum (Cheng et al. 1989a), and sperm are not found in the female unless foam is also present (Adkins 1974). Thus, insemination can be confirmed by examination of the female (the foam is clearly visible in the proctodeum) or, if tactile contact with the female's cloaca might introduce an experimental confound, by close observation of the male's behavior (cloacal contact followed by sudden cessation of the copulatory attempt followed by feather fluffing and/ or strutting). For data validating the use of the male's behavior to judge successful insemination, see Ad-
kins-Regan (1995).
Depending on the experiment, females were allowed to copulate with a male either in their home cages (21 x 18 x 15 cm hardware cloth), a small testing cage (38 x 24 x 18 cm), or a large testing cage (183 x 91 x 77 cm). Cage size has no effect on the likelihood that an insemination will fertilize eggs or on the number of eggs fertilized (Adkins-Regan 1995). If the male did not begin copulating immediately, he was replaced with another male. The male was removed after insemination, and except when measuring female receptivity, only results from mating trials in which the male achieved insemination were analyzed. Unless stated otherwise, mating tri- Egg fertility data were analyzed by nonparametric statistics (X 2 or Mann-Whitney U-tests) because the distribution of outcomes is bimodal (Adkins-Regan 1995); about one-third of inseminations do not fertilize any eggs. In analyzing numbers and percentages of fertile eggs, trials using the same male or female were considered statistically independent. In prior work from our laboratory, trials were conducted using several different cohorts of quail over a period of several years (Adkins-Regan 1995), and fertilization outcomes using the same male or female were uncorrelated. Only if both the male and the female were the same (which was not the case in any experiment reported here) were the outcomes cor- When these two kinds of tests (foam male and no-foam male) were combined for analysis by taking the mean of the two tests, it was evident that females were less receptive when there had been a prior male (see Fig. 2A ). Thus, copulating with one male reduced a female's receptivity to a subsequent male, but this reduction was not due to the first male's foam. In the second experiment (Fig. 2B) , most differences between test types were not significant (sign test, Ps > 0.3). Females tended to run and fly more when foam had been introduced via syringe prior to testing, but the difference between these tests and tests with no syringe was not significant (P = 0.076). When syringe + foam and syringe tests were combined (by taking their means) and compared with no syringe tests, it was evident that the introduction of a syringe into the female increased her tendency to run and fly in the presence of the target male (Fig. 2B) fore oviposition. When the two mating times were analyzed separately, the difference between normal and reduced foam trials was significant for 1800 to 1900 but not for 0800 to 1800 (Table 2, Fig. 3) . Thus, reduced foam affected the outcome mainly at the time when a greater number of females would have had a hardshelled egg in the uterus. This effect was not specific to the first potentially fertilizable egg 
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